Natural disulfide bond-disrupted mutants of AVR4 of the tomato pathogen Cladosporium fulvum are sensitive to proteolysis, circumvent Cf-4-mediated resistance, but retain their chitin binding ability.
The extracellular AVR4 elicitor of the pathogenic fungus Cladosporium fulvum induces defense responses in the tomato genotype Cf-4. Here, the four disulfide bonds of AVR4 were identified as Cys-11-41, Cys-21-27, Cys-35-80, and Cys-57-72 by partial reduction with Tris-(2-carboxyethyl)-phosphine hydrochloride, subsequent cyanylation, and base-catalyzed chain cleavage. The resulting peptide fragments were analyzed by mass spectrometry. Sequence homology and the disulfide bond pattern revealed that AVR4 contains an invertebrate (inv) chitin-binding domain (ChBD). Binding of AVR4 to chitin was confirmed experimentally. The three disulfide bonds encompassing the inv ChBD motif are also required for protein stability of AVR4. Independent disruption of each of the three conserved disulfide bonds in AVR4 resulted in a protease-sensitive protein, whereas the fourth disulfide bond appeared not to be required for protein stability. Most strains of C. fulvum virulent on Cf-4 tomato contain Cys to Tyr substitutions in AVR4 involving two (Cys-11-41, Cys-35-80) of the three disulfide bonds present in the inv ChBD motif. These natural Cys to Tyr mutant AVR4 proteins did retain their chitin binding ability and when bound to chitin were less sensitive to proteases. Thus, the widely applied tomato Cf-4 resistance gene is circumvented by C. fulvum by amino acid substitutions affecting two disulfide bonds in AVR4 resulting in the absence of the corresponding AVR4 isoforms in apoplastic fluid. However, these natural isoforms of AVR4 appear to have retained their intrinsic function, i.e. binding to chitin present in the cell wall of C. fulvum, most likely to protect it against the deleterious effects of plant chitinases.